Introduction {#Sec1}
============

The first known depiction of tracheostomy was from 3600 BC, on Egyptian tablets \[[@CR1]\]. According to legend, Alexander the Great used his sword to open the airway of a soldier choking from a bone lodged in his throat \[[@CR2]\]. Despite its antiquity, tracheostomy was rarely performed until the beginning of the nineteenth century and until less than 20 years ago its use was limited to surprisingly few conditions. At present, tracheostomy is more commonly used for prolonged mechanical ventilation rather than for upper airway obstruction.

Prolonged tracheostomy tube placement may expose the patients to an increased risk of late complications, including tracheal stenoses, bleeding, fistulas, infections, and aspiration \[[@CR3]\]. Psychological implications are profound with patients experiencing reduced body image perceptions and life satisfaction. Removing a tracheostomy is a fundamental step in rehabilitating a patient recovering from critical illness. This process of weaning from tracheostomy to maintenance of spontaneous respiration and/or Tracheostomy is a simple, life-saving procedure done to establish airway in-patients with acute respiratory failure with the expected need for prolonged mechanical ventilation, failure to wean from mechanical ventilation, upper airway obstruction, difficult airway, and copious secretions \[[@CR4]\]. It requires an opening to be made in the anterior wall of the trachea and a tube is inserted through the opening to allow passage of air and removal of secretions. This allows the patients to breathe through the tracheostomy tube, instead of the nose and mouth. Approximately 10% of mechanically ventilated critically ill patients receive a tracheostomy to facilitate prolonged airway and ventilatory support \[[@CR5]\].

Airway protection is termed "decannulation". This simple step requires near-perfect coordination of the brain, swallowing, coughing, phonation, and respiratory muscles \[[@CR6]\]. However, multifactorial aberrations in this complex interplay can result in its failure. There are many advantages to decannulation, including improved phonation and swallowing function. Discharging patients home or to another care facility is an easier process if the patient or their caregivers do not need to learn how to manage a tracheostomy tube. Also, decannulation improves patient comfort and perceived physical appearance \[[@CR7]\].

Little evidence is available to guide the process of weaning and optimal timing of tracheostomy tube removal. Thus, decannulation decisions are based on clinical judgment \[[@CR8]\]. The incidence of decannulation failures is reported to be between 2 and 25% of decannulation attempts \[[@CR7], [@CR9]--[@CR12]\]. Decannulation failure is associated with unfavorable outcome \[[@CR6]\].

Hence, the objectives of the study were: (1) To describe the decannulation failure rate during the rehabilitative process following tracheostomy in patients in a tertiary hospital and (2) to identify the factors associated with the outcome of tracheostomy tube removal.

Materials and Methods {#Sec2}
=====================

This was a prospective descriptive study of 50 tracheostomised patients carried out from January 2019 to April 2020, at Command Hospital Bangalore. The study was approved by the Institutional Ethical Committee. Informed consent was obtained from all the participants in the study. Patients included in this study were from Surgery Ward, Trauma ICU, and Casualty. The age range varied between 18 and 85 years. The inclusion criteria were patients who had tracheostomy procedure on an emergency basis where prolonged mechanical intubation was difficult or not possible, patients who underwent elective tracheostomy where prolonged mechanical intubation and stridor were anticipated and tracheostomy was done in intubated patients. All patients with tracheostomy were included in the present study. Detail history of patients such as age, sex, and occupation, economic status of the patient address, and symptoms of the patients was noted.

Initially, all the basic details regarding the type of injury and nature of the injury, surgical intervention, the indication, and the type of tracheostomy were endorsed in a proforma.

Then the patients were assessed for resolution of the primary cause of tracheostomy, if yes then primary reflexes were assessed like cough, swallow, and gag. In addition to this FOL (fiberoptic laryngoscopy) was done to know about vocal cord status and glottic chink and a tracheal aspirate swab was taken and sent for microbiological evaluation. Besides, a chest x-ray was done to rule out any pulmonary pathology. If all the assessed parameters were within the normal limits, then the decannulation trial was proceeded by downsizing the tracheostomy tube.

Decannulation Procedure {#Sec3}
=======================

A synchronized cuff-deflation technique was used every time the cuff was deflated and required two competent practitioners. As the cuff was deflated using a 10 ml syringe, suction was given via the tracheostomy tube to remove any secretions that come from above the cuff into the trachea. If the patient had a tracheostomy tube with a subglottic port, it had to be aspirated before the cuff deflation to remove secretions above the cuff. When a standard cuffed tube was used, oral suction was performed before cuff deflation. Continuous monitoring of oxygen saturation levels was essential, as these may fall during the weaning process. Oxygen saturation levels were maintained at the target levels. Oxygen was administered if required at the prescribed rate \[[@CR9]\].

Cough effectiveness, swallowing and gag reflex, quantity, and quality of secretions, duration of mechanical ventilation, sepsis, etiology of respiratory failure, and comorbidities were the criteria used for predicting successful decannulation. Principal parameters considered were the patient\'s ability to remove secretions, swallowing function, absence of psychiatric diseases, the possibility of reaching spontaneous breathing, and the amount of respiratory space.The presence and efficacy of voluntary cough were assessed based on a study by Bach et al. \[[@CR9]\], in which subjects were evaluated with a spirometer. Subjects had a negative score when cough peak flow \< 160 L/min or they could not cough voluntarily due to cognitive deficits.Tracheostomy tube capping for at least 72 h. This consisted of the ability to keep the tracheostomy stoma closed and breathe through the mouth. This has been described by Stelfox et al. \[[@CR10]\] as a fundamental determinant for tracheostomy decannulation.Swallowing instrumental assessment was carried out through fibro-endoscopic evaluation with liquid and food administrations, reported as the accepted standard for swallowing \[[@CR11]\]. Severity was assessed using the penetration aspiration scale (scores 1--8) \[[@CR12]\]. A score of 1 indicates the absence of dysphagia, scores between 2 and 5 indicate swallowing difficulties and penetration events, and scores \> 5 show aspiration events.The number of tracheal suctions were recorded. A negative score was considered as 2 or more suctions every 8 h \[[@CR13]\].Instrumental evaluation of the patency of the airways was evaluated by endoscopy, considering tracheal stenosis as lumen diameter \< 50% \[[@CR14]\].S~pO2~ \> 95% in ambient air \[[@CR15]\].

Statistical Methods {#Sec4}
===================

Decannulation failure was considered as the primary outcome variable. Gender, Surgical intervention, a period of ventilation, mode of ventilation, indication of tracheostomy, percutaneous/elective/emergency, tracheostomy in situ duration, duration of TT change, swallowing, GAG, associated comorbidity and hospital stay in duration were considered as a primary explanatory variable. Descriptive analysis was carried out by mean and standard deviation for quantitative variables, frequency, and proportion for categorical variables. Univariate binary logistic regression analysis was performed to test the association between the explanatory variables and outcome variables. Unadjusted odds ratio along with 95% CI was presented. Variables with statistical significance in univariate analysis were used to compute multivariate regression analysis. The adjusted odds ratio along with their 95% CI was presented. *P* value \< 0.05 was considered statistically significant. IBM SPSS version 22 was used for statistical analysis \[[@CR16]\].

Results {#Sec5}
=======

A total of 50 subjects were included in the final analysis.

Among the study population, the majority of 40 (80.00%) were male. Among the study participants, 9 (18.00%) had smoking as a habit and 39(78%) had no habits at all. Among the study participants with primary diagnosis, 31 (62.00%) were severe head injury, 8 (16.00%) was head injury with polytrauma, 3 (6.00%) were meningitis/meningoencephalitis and stroke in each, 2 (4.00%) were meningioma, 1 (2.00%) were cerebral malaria, cortical venous thrombosis and Ludwig\'s angina each (Table [1](#Tab1){ref-type="table"}).Table 1Descriptive analysis of Baseline parameters in the study population (N = 50)ParameterSummary (n%)*Gender*Male40 (80.00%)Female10 (20.00%)*Habits*Alcohol1 (2.00%)Smoking9 (18.00%)Smoking/ alcohol1 (2.00%)Nil39 (78.00%)*Primary diagnosis*Severe head injury31 (62.00%)Head injury with polytrauma8 (16.00%)Meningitis/meningoencephalitis3 (6.00%)Stroke3 (6.00%)Meningioma2 (4.00%)Cerebral malaria1 (2.00%)Cortical venous thrombosis1 (2.00%)Ludwigs angina1 (2.00%)

Among the study participants, 29 (58.00%) went with Surgical Intervention. the mean of the period of ventilation (days) was 5.78 ± 3.99, Among the study participants majority, 49 (98.00%) were reported mechanical mode of ventilation and. The majority of study population 44 (88.00%) were under prolonged ventilator support, 5 (10.00%) went with surgical intervention and only 1 (2.00%) was reported desaturation in indication of tracheostomy. Among the study participants, 45 (90%) were reported elective tracheostomy and 5 (10%) were emergency tracheostomy. The mean of Tracheostomy in situ duration (months) was 5.36 ± 9.93 (Table [2](#Tab2){ref-type="table"}).Table 2Descriptive analysis of clinical parameters in the study population (N = 50)ParameterSummary*Surgical intervention*Yes29 (58.00%)No21 (42.00%)*Period of ventilation* (days)5.78 ± 3.99 (1.0, 30.0)*Mode of ventilation*Mechanical49 (98.00%)Nil1 (2.00%)*Indication of tracheostomy*Desaturation1 (2.00%)Prolonged ventilator support44 (88.00%)Surgical intervention5 (10.00%)*Tracheostomy*Elective45 (90%)Emergency5 (10%)*Tracheostomy in situ duration* (months)5.36 ± 9.93 (0.26, 66.60)

Among the study population with swallowing, 45 (90.00%) were reported swallowing, 38 (76.00%) were with cough and 48 (96.00%) were with gag. All the study population 50 (100.00%) reported as phonation. The majority of the study population, 48 (96.00%) were used bilateral vocal cord mobile. Among the study participants, only 3 (6.00%) were Pseudomonas positive In Tracheal Aspirate. In chest X-ray, 49 (98.00%) were showed normal and 1 (2.00%) was with COPD changes. Among the decannulation failure people, 3 (6.00%) were due to absent/sluggish swallow/cough/gag reflex, 1 (2.00%) was due to desaturation, and due to excessive secretions each. Among the study participants, 7 (14.00%) reported as Dec annulation failure (Table [3](#Tab3){ref-type="table"}).Table 3Descriptive analysis of baseline parameters in the study population (N = 50)ParameterSummary*Swallowing*Present45 (90.00%)Absent5 (10.00%)*Cough*Present38 (76.00%)Absent12 (24.00%)*Gag*Present48 (96.00%)Absent2 (4.00%)*Phonation*50 (100.00%)*FOL findings*Bilateral vocal cord mobile48 (96.00%)Left vocal cord paresis1 (2.00%)Right vocal cord paresis1 (2.00%)*Tracheal aspirate*Pseudomonas positive3 (6.00%)Nil47 (94.00%)*X-ray chest*COPD changes1 (2.00%)Normal study49 (98.00%)*Main issues for Decannulation*Decannulation failure due to absent/ sluggish swallow/cough/gag reflex3 (6.00%)Decannulation failure due to desaturation1 (2.00%)Decannulation failure due to excessive secretions1 (2.00%)Decannulation failure due to stridor2 (4.00%)Nil43 (86.00%)*Decannulation failure*Yes7 (14.00%)No43 (86.00%)

The univariate logistic regression analysis had shown a statistically less significant association with decannulation failure with all explanatory factors as presented in the table (*P* value \> 0.05) (Table [4](#Tab4){ref-type="table"}). These insignificantly independent variables, or in combination with other factors show significance in predicting the success of decannulation.Table 4Univariate binary logistic regression analysis of influencing Parameters on decannulation failure in the study population (N = 50)ParameterUn adjusted odds ratio95%CI*p* valueLowerUpperGender (baseline = female)1.5880.16914.9320.686Surgical intervention (baseline = no) (N = 48)4.6960.51842.5920.169Period of ventilation (days)0.9020.6331.2860.569*Indication of tracheostomy (baseline = surgical)*Deranged0.0000.0000.0001.000Prolonged0.1920.0261.4450.109Tracheostomy (baseline = emergency)0.1880.0251.4080.104Tracheostomy in situ duration (months)1.0150.9511.0840.644Cough (baseline = absent)2.0620.22319.0870.524Swallowing (baseline = absent)0.0000.0000.0000.999Gag (baseline = absent)0.0000.0000.0000.999

Discussion {#Sec6}
==========

Weaning success is an outcome reported by numerous papers in the literature \[[@CR17]--[@CR19]\]. For the most part, the authors reported successful weaning from the tracheostomy in the ICU context taking into account patients with different pathologies (neurological, cardiac, pulmonary).

This study evaluated 50 tracheostomised patients of both sexes, between 18 and 85 years of age. Out of these patients, 7 experienced decannulation failure, giving a failure rate of 14% in this study. Clinicians should understand that tracheostomy decannulation is not without risk. However, there is currently no accepted definition for decannulation failure.

We defined weaning failures according to the Stelfox definition \[[@CR10]\]. Stellfox guidelines outline that if any respiratory failure happens after 48--96 h from the weaning attempt, a regression to the previous condition of being tracheostomised is needed \[[@CR20]\]. It is important to highlight that in several papers the definition for failures, unfortunately, is not univocal, ranging from 24 h to 1 week, while other authors define a weaning failure as when the patient cannot tolerate an uncuffed fenestrated tube \[[@CR19]\]. Most clinicians give a decannulation failure rate of 2--25% \[[@CR21]\].

Regarding the variables influencing decannulation patients, the important associated factors are a valid cough and the presence of a spontaneous cough. In particular, authors have found that decannulation success is more likely to happen with a valid and spontaneous cough \[[@CR19]\]. The majority of the authors acknowledge the importance of a valid cough. In particular, such authors highlight that peak cough flow (PCF) is a crucial parameter.

Secretions management is the second crucial for the tracheostomy weaning process. In particular, several authors recognize the negative impact of unsuccessful secretions management. In this study, 56% of the decannulation failures were due to a lack of secretion management. This is following the study of Hernandez et al. who found out in their study that lack of swallowing or secretion management was the main cause of decannulation failure \[[@CR22]\].

In our study, the next reason for decannulation failure was the development of stridor (2%). This stridor can be due to tracheomalacia. Tracheobronchomalacia is a dynamic form of central airway obstruction characterized by an expiratory decrease of 50% or more in the cross-sectional area of the tracheobronchial lumen \[[@CR23]\]. In patients who have undergone prolonged mechanical ventilation, tracheomalacia results from an ischaemic injury to the tracheal cartilages with subsequent destruction and necrosis. These patients usually present with dyspnoea weeks to months after tracheostomy decannulation. They may also present as failure to wean from mechanical ventilation in the acute setting \[[@CR24]\].

Other reported causes of failure in various studies were related to infections: difficulty in managing them, elevated relapse, and a selection of multi-drug resistance germs, indicating a complex situation of difficult treatment. In this study, we used a standardized protocol. Based on our study results, we believe that the use of a standardized protocol is one of the key factors for decannulation success.

Limitations and Recommendations {#Sec7}
===============================

The main limitations of the study were the low number of participants examined and the absence of a proper follow-up after the 6 months spent in the operative unit. Big samples are indeed a challenge in trauma cases \[[@CR5], [@CR8], [@CR17], [@CR19]\]. It was not possible to do further investigation of the patient's outcome after demission, thus, some subjects could have been decannulated after a longer period without clinical problems. A longer follow-up period of more than 6 months is definitively a functional option to analyze the subject and monitor all of the subjects in more detail.

Improving Decannulation Outcomes {#Sec8}
--------------------------------

Firstly, we need to understand the nature of the problem. Normally the tracheostomy is done in the intensive care units under the hands of highly skilled critical care teams. Whereas, the decannulation procedure is done long after the patients have been brought out of the intensive care unit, where bedside caregivers may lack comprehensive experience in assessing compromised airways in patients with multiple co-morbidities. A failure of expertise commonly underlies a failure of decannulation \[[@CR25]\].

Secondly, most hospitals do not have sufficient expert personnel to develop a team for managing decannulation care. Intensivists have some of the required skills but they often do not follow patients long term outside the ICU. Unless patients are transferred to specialized ventilator weaning centers, they often recover in acute care facilities surrounded by expertise everywhere except at the bedside \[[@CR26]\].

Apart from the patient-related factors, if the above parameters are met, the decannulation failure rates can be minimized or reduced.

Conclusion {#Sec9}
==========

Tracheostomy decannulation has a risk of failure with fatal consequences if not managed appropriately. Various factors govern the success of tracheostomy decannulation procedures which occur during the first 24--48 h after decannulation. It is best if highly skilled critical care teams in the hospitals take care of theses decannulated patients with utmost care to reduce the decannulation failure rates in the future.
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